International Journal of Mechanical and Production 
Engineering Research and Development (UMPERD) 

ISSN (P): 2249-6890; ISSN (E): 2249-8001 
Vol. 8, Issue 3, Jun 2018,489-498 
© TJPRC Pvt. Ltd 

A REVIEW ON MECHANICAL PROPERTIES OF INTRA-LAYER 
PALM FIBER (PALMYRA SPOUT) - FLAX - S-GLASS 
FIBER REINFORCED COMPOSITE 

D. PRABU, T. BABU, K. PRADEEP & S. SANJAYARUN 

Faculty of Mechanical Engineering, Sri Sai Ram Engineering College, West-Tambaram, Chennai, Tamil Nadu, India 

ABSTRACT 

Normally natural fibers are extracted from natural sources like plants and animals. The composite materials 
made by natural fibers plays the wide range of applications in engineering fields because of eco-friendly and low cost. 
The aim of this review article is to provide the comprehensive review of the mechanical properties and their applications 
of natural fiber reinforced composite using palm (Palmyra spout), flax fibers along with S-glass fibers. In addition, it 
summarises various surface treatments applied to natural fibers and their effect on natural fiber reinforced composite 
properties. The fabrication is done by injection molding method. The various mechanical property tests (tensile test, 
hardness test, impact test etc...) are to be conducted over the fabricated composite samples through references listed for 
better results and applications. It has been concluded that the S-glass fiber coating over the surfaces of hybrid fiber 
improves the mechanical properties tremendously and the chemical treatment of the natural fiber improves adhesion 
between the fibers. The hybrid fiber coated with glass fiber in this composite plays an important role in determining the 
mechanical properties. 
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INTRODUCTION 

In recent days the synthetic fibers are replaced by natural fibers because of low cost, less weight, low 
density, high specific strength and eco-friendly nature. Thermoplastic or thermosetting plastics is been used as resin 
mixed up with respective hardener in synthetic fiber composites. The applications of synthetic fiber composites are 
very few due to the high cost of materials and manufacturing methods [1] [3], 

Composites are heterogeneous in nature, produced by combining two or more components with reinforcing 
fibers and compactable matrix. Composite materials are replacing the existing conventional materials due to their 
superior properties, such as high strength-to-weight ratio, high mechanical strength and minimum thermal 
expansion. Generally, the natural fibers are extracted naturally from plant and animals in the elongated form. 
The various plant fibers are cotton, hemp, jute, sisal, pineapple, ramie, bamboo, banana, etc.., as well as wood and 
seeds of flax are used as the reinforcement in polymer matrix composites.[2] [4], 

The application of natural fiber reinforced composites exists many possibilities since the number of 
applications is rapidly growing within many engineering fields. The main purpose of using composite in recent 
years is lighter in weight for constructional purpose and more vibration resistant in structures. 
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Through various research and experimental investigation on natural fiber composites, it’s been observed as, it reduces the 
weight of the existing component by 10-28% considerably and also it gives good improved material properties results 
(tensile, hardness, stiffness, thermal expansion etc...) compared with the existing ones [8]. The NFCs material plays 
important roles in automobile industries, daily life applications, aerospace body parts manufacturing, etc. 
The NFCs replaces the existing one because of easy availability of source material and low cost, it can be recycled, low 
specific weight, it does not harmful to the environment conditions, good corrosion resistance, thermal retardance, and it 
consumes low energy compared with the synthetic composites and conventional materials. The tensile strength of 
composite materials is four to six times greater than that of the conventional engineering materials. [5]. 

Application of NFCs 

The applications of the natural fiber composites are not limited to particular fields, in recent technological 
development, the NFCs gives a wide range of applications such as automotive interior and exterior parts, aircraft machine 
parts, electrical appliances and daily life household appliances etc... [9] [10]. The leading automotive industries uses the 
natural fiber composite materials because, the overall weight of the vehicle is reduced and therefore the fuel efficiency is 
been increased considerably and it gives very good results in various mechanical properties and produces fine surfaces 
over the parts of vehicles [11] [12]. 

The natural fiber is made of pectin, lignin, cellulose and hemicelluloses. Each type of natural fiber consists of 
various proportions of these components in percentage levels. Pectin function is to hold the fiber together and the lignin 
function is to absorb the water content in the fibers. The functions of cellulose and level of hemicellulose decide the 
strength and stiffness of the fibers respectively [10] [14] [15]. 

Industries such as packaging, automobile, and construction but natural fiber composite are also finding its way 
into sport, aerospace and in electronic industries, this is mainly due to their various advantages compared to synthetic 
fibers and conventional ones [9]. Natural fiber reinforced composites are best suited for many designs that demands weight 
reduction, increasing the life of the product, high tolerance precision engineering and simple in operation production 
methods. 

Two or more materials combined together which results in better properties than those of the homogeneous 
components is termed as a composite material. The reinforcement layer in the composites gives additional strength, and 
stiffness, to make them harder, stronger. Generally, the reinforcement is in the form of fiber or in particulate form. 
The length-to-diameter ratio is called as the aspect ratio; increase the aspect ratio gives more strength to the fibers [15]. 
The mechanical property of natural fiber is increased by treating it with chemicals like alkali (NaOH) [15] [22]. 

For two hours the fiber is rinsed with NaOH solution to remove the unwanted soluble. (Cellulose, Hemicellulose, 
pectin and lignin etc...)For removing the excess NaOH in the fibers it is thoroughly washed with water and dried with 
direct sunlight for two days. This treatment is the best suited for improving the tensile and flexural properties of the 
composite and also this is simplest and effective. [16] [22] [37] 

In general, the smaller the diameter of the fiber, the higher its strength, but the cost increases when the diameter 
becomes smaller. In this experimental study, palm fiber (Palmyra spout)-flax-glass fiber reinforced hybrid composites are 
developed in unidirectional, bi-directional cross and their mechanical properties, such as tensile strength, flexural strength, 
and impact strength are evaluated. The various experiments show that during tensile loading, composites sustain greater 
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loads as the angle between the fiber orientation (bi-directional cross) and the load direction increases [28]. 
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MATERIALS USED 

Palm Fiber 

The palm fiber (Borassusflabellifer) is a natural fiber obtained from various portions of palm tree which is found 
in abundance in the southern parts of India. The palm fibers are composite material designed by nature, the fibers are 
basically a rigid, crystalline cellulose microfibril- reinforced amorphous lignin and/or with hemicellulosic matrix. 
Most plant fibers are composed of cellulose, hemicellulose, lignin, waxes and some water-soluble compounds [12]. 
Generally, this fiber contains 60-80% cellulose, 5-20% lignin and upto 20% moisture. The fibers from various parts of the 
palm tree were extracted either by retting process or mechanical processing or hand processing. The fibers are soaked for 
two weeks and then it is washed with water and allow it dry completely in natural sunlight to obtain long and dried long 
uniform fibers [14]. The fibers are extracted from various parts of palm trees are Palm leaf stalk. Palm leaf sheath. Palm 
fruit, and Palm petioler respectively. Through research experimental, the palm fruit fiber has good mechanical properties 
[15] like specific strength, tensile strength, and hardness etc. 

The palm fiber extracted from palm fruit gives more strength, the tensile behavior of the palm fibers increases 
with long sized fibers extracted from palm fruit[15]. Glass fiber and carbon fibers have more density than palm fiber 
,therefore, the specific strength is better for the palm fiber compared with other fibers. Through the various experimental 
investigations, it has been found, the palm fiber especially the fiber from palm fruit gives more tensile strength and 
young’s modulus compared with other natural fibers. The major compositions present in the palm fiber are cellulose, lignin 
and pectin. The palm fibers normally have more percentage of cellulose content which enables the fiber with better 
mechanical strength [16]. 



Palm lout' sheath liber Palm petiole fiber 


Figure 1: Extracted Fibers from Various Parts of Palm Tree 

Flax Fiber 

Flax fiber is extracted from the bast beneath the surface of the stem of the flax plant. Flax fiber is soft, lustrous, 
and flexible; bundles of fiber have the appearance of blonde hair, hence the description flaxen hair. Flax fiber is the 
strongest fiber in cellulosic fibers (plant fibers), two to three times stronger than cotton fiber, therefore it is more resistant 
to wear and abrasion [17]. Flax fiber is extracted from the skin of the flax stem plant. Flax has the best heat resistance and 


www.tjprc.ors 


SCOPUS Indexed Journal 


editor@tjprc. org 








492 


D. Prabu, T. Babu, K. Pradeep & S. Sanjayarun 


conductivity. Flax material has the potential of load-bearing constituents in composite materials due to their adjective 
properties such as high stiffness to weight ratio [18] [19]. 

Glass Fiber 

Generally, polymers and carbon fiber have good mechanical properties but in recent evolution, this will be limited 
to some technological applications. The researchers have found the glass fibers which are extracted from glass having 
finely sized in the diametral range of 10-25 micron levels will be used in recent the development of composite materials. 
The glass fibers comparatively have more strength and rigidity and also the cost of glass fiber is low. Therefore in the 
recent development in NFC’s these glass fibers are majorly used as a reinforcement material to manufacture lightweight 
and relatively strong composite materials. Lightweight fiber-reinforced polymer (FRP) composite material called glass- 
reinforced plastic (GRP), also popularly known as "fiberglass" [20] [21]. 

E-Glass Fiber 

In polymer matrix composites the E-glass is been used in a major number of investigations. The E-glass used in 
polymer composite is generally called as fiberglass and it has very well in mechanical and physical properties [23]. 
Through the recent experimental investigations, for some extent, only this E-glass will have good mechanical properties 
beyond that it fails and not be sufficient in some instances. Therefore the E-glass composition has been modified to 
produce more desirable properties [24]. A higher stiffness material resulting from this is S-Glass. 

S-Glass Fiber 

S-Glass found to have excellent fiber forming capabilities and is now used almost exclusively as the reinforcing 
phase in the material commonly known as fiberglass. S- Glass products are the ultimate in high strength glass fiber that 
provides the highest level of performance available in all glass fibers. Produced with a higher level of silica than standard 
glass fiber products, S-glass fibers offer the ultimate physical properties including high tensile and compressive strength 
(Fig. 1), high-temperature resistance, and improved impact resistance [24]. 



Figure 2: Tensile Properties of Various Types of Fibers 

S-2 glass fibers are a magnesium alumino-silicate produced for textile substrates or reinforcements in composite 
applications. In hybrid composites, S-glass is added as the top and bottom layer to improve the tensile strength and surface 
finish. The required interfacial adhesion and bonding between various layers of fiber is achieved by using Epoxy resin 
(LY556) and Hardener (HY951) mixed in a ratio of 10:1 [25]. 
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MANUFACTURING METHODS OF NFCs 

Hand Lay-Up Process 

The composite materials used for the present investigation is fabricated by hand layup process. In this work. 
Initially, the fiber mats of uniform thickness were prepared with flax and palm fibers. The composite laminate consists of 
multilayers. The mats were impregnated with epoxy resin then; the basalt fibers are dried under the hot sun to remove their 
moisture for more than 24 hours. Now, the fiber layers are washed in the acetone thinner before they are used for 
fabrication. Acetone removes the impurities and makes them ready for binding with the resin releasing agent is applied on 
the top of the table. The Flax fibers are spread on the base plate of the molding box which is placed on the table. It is then 
completely spread with epoxy resin and hardness mixture is applied on the flax fiber with brush and smoothens with a 
roller. Then, a layer of GFRP is placed on the resin-hardener mixer above which next layer of flax fiber is spread. 
Similarly, multiple layers are placed to prepare the composite (3 layerFlax/palm and 4 Layer GFRP). In this review, it is 
planned to prepare 3 types of composite. Type 1 composite contains palm fiber arranged inclined at 45° to each other in all 
the 3 layers which resemble inclined orientation. Type 2 composite contains flax-fiber similar to type 1. Type 3 contains 
both fibers. In each layers, both fibers are tilted at 45degree in the subsequent layer (45degree orientation). In all the types, 
the top and bottom most layers is GFRP [25]. 

MATERIAL PROPERTIES 

Glass Fiber Mechanical Properties 

This glass fiber is mainly used to make the composite more strength and enhance the mechanical property also it 
produces a fine surface finish of the composite material. Therefore the base structure is made strong the entire composite 
polymers would be easily strengthened and improved [24]. The factors which are affecting the composite material 
performances are, 

• The fiber orientation (the direction or angle in which the fibers are arranged) 

• The fiber strength, 

• The mechanical property of fibers, and 

• The adhesion property [26] [27] [28]. 

The characteristics of natural fibers are very much important for determining the natural fiber composite 
material’s mechanical property. The main characteristic of NFC’s which decides the mechanical properties are fiber 
orientation, moisture absorption, and volume fraction. [25] [29] [30]. 

It clearly indicates that inclusion of glass fiber improves the load-bearing capacity and the ability to withstand 
bending of the composites. M. Ramesh et al. [7] investigated the mechanical properties of sisal, jute and glass fiber 
reinforced polyester composites. They observed that the addition of glass fiber into jute fiber composite resulted in 
maximum tensile strength [31] [32]. In the same way, they have observed that jute and sisal mixture composites sample is 
capable having maximum flexural strength and a maximum impact strength was obtained for the sisal fiber composite. 
The variation of tensile strength, flexural strength and compressive strength of epoxy based sisal-glass hybrid composites 
havebeen discussed in the papers [31] they have observed that 2 cm fiber length hybrid composites showed maximum 
optimal tensile, flexural and compressive strength than 1 and 3 cm. The effect of alkali treatment on the tensile flexural and 
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compressive properties has also been studied. It is found that treated hybrid composites showed higher strength than 
untreated composites [22]. 


Table 1: Mechanical Properties of Different Glass Fibers 



E-Glass 

R-Glass 

HS2, HS4 

T-Glass 

S-l 

S-2 

Tensile Strength Gpa 

1.9-2.5 

3.1-3.4 

3.1-4.0 

4.0-4.2 

3.8-4.1 

4.3-4.6 

Tensile Modulus Gpa 

69-80 

86-89 

82-90 

84 

85-87 

88-91 


Properties of Various Fibers 

Important properties of fibers are given below: 


Table 2: Comparison of Typical Properties for Some Common Fibres 


Fiber 

Physical Properties 

Density 

(g/cm 2 ) 

Elongation 

(%) 

Tensile Strength 
(Mpa) 

Youngs Modulus 
(Gpa) 

Palm leaf 

1-1.2 

2-4.50 

97-196 

2.50-5.40 

Palm leaf sheath 

1.20-1.30 

2.84 

220 

4.8 

Palm petiole 

0.7-1.55 

25 

248 

3.24 

Palm fruit 

1.09 

28 

423 

6-8 

Flax 

1.54 

1-4 

345-2000 

27.5-85 

E-Glass 

2.55 

2.5 

2000 

80 

S-Glass 

2.46 

2.8 

4890 

89 

Kevlar 29 

1.44 

2.8 

2860 

64 

Kevlar 49 

1.44 

4 

3750 

136 


RESULTS AND DISCUSSIONS 

A lot of research has been done on natural fiber reinforced polymer composites but research on palm-based 
polymer composites is very rare. Against this background, the present research work has been undertaken. 
Palmyra individual fiber is a better choice than other different fiber composites because it shows highest ultimate tensile 
stress under various tests performed. From the tables 1, 2 it has been noted that the palm fruits and S-2 glass fiber have 
more strength and increased mechanical properties compared to other fibers respectively. This review deals with an 
objective to explore the potential of palm fiber and flax fiber composites reinforced with S-2 glass fiber for better 
mechanical properties mainly focused on strength and hardness of the composites. The experimental investigation on the 
composite lamina samples for various mechanical properties test in the future work. In future, there are tremendous 
investments on natural fibers, to bring an great impact on manufacturing sectors. 

CONCLUSIONS 

In recent day’s lots of researchers progressed to improve the mechanical characteristics of natural fiber 
composites. The improvement is been made by fiber selection, extraction and treatment given to the fibers as well as 
processing of composite by proper selection of coatings over it. Comparing natural fiber and glass fiber reinforced 
composites found that natural fibers were superior in industrial application. Moreover, due to the usage of natural fibers in 
different engineering application and construction industries, it provides a way for economic development in rural areas. 
This paper reviewed the research that has mainly focussed on improving strength, stiffness and impact strength including 
the effect of moisture properties by treating it with chemical treatments. Through the experimental analysis by the various 
researchers, it has been found that, the moisture content in the fiber composites is been reduced phenomenally by the 
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chemical treatments as discussed above. The major objective of the review paper is increasing the tensile strength of 
natural fiber composite by coating it with S2-glass fiber. Since S2-glass fiber have the adequate tensile strength and impact 
strength nature the mechanical properties of natural fiber composite (Palmyra-spout and flax fiber) reinforced with 82- 
glass fiber is increased. Applications of NFCs have extended dramatically including load bearing and outdoor applications 
such as automotive exterior underfloor paneling, sports equipment and marine structures. Further, the experimental 
investigation to be done over the samples and through the results the application range, moisture resistance and fire 
retardance is been concluded. Overall the growth of NFC is growing rapidly and shown to be very positive future ahead of 
their application. 
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